An immunoglobulin MK monoclonal (F81VE9) antibody raised against oat (Avena sativa cv Garry) root homogenate has been produced and characterized. The predominant target bound by this antibody is a 62-kilodalton protein (p62) that is expressed in both oat root and oat shoot cells.
cell walls. Nevertheless, the role of cell surface molecules in plant differentiation is likely to be of significant importance.
Plant cell differentiation has been monitored in a variety of ways, including observation of changes in cellular morphology, patterns of mRNA biosynthesis (10) , patterns of enzyme and isoenzyme expression, manipulation of graft chimeras (24) , and patterns of protein synthesis (27) . Specific antibodies targeted at differentially expressed antigens have proven useful in a number of laboratories for purification and immunohistochemical localization of plant target molecules (4, 6, 8, 18) .
In this report, F8IVE9, a monoclonal antibody with reactivity for a glycoprotein expressed on the plasma membrane ofAvena sativa protoplasts, is described. The antigenic determinant recognized by this monoclonal antibody is also expressed in certain other plant species and is expressed on the plasma membrane of Samanea saman cells. In Avena, the expression of this protein is both temporally and spatially controlled. The antigen is not uniformly present on all oat cells but is selectively expressed on some cells and apparently absent from the plasma membranes of others. This species and tissue specificity suggests that this antigen may illuminate changes in cellular programming that occur in the oat and may also suggest contributions that the antigen makes to cellular functioning.
MATERIALS AND METHODS
Plasma membrane proteins have been associated with a wide variety of mechanisms essential to plant cellular processes. Some of these proteins serve as transport elements for the transduction of ions and solutes across the lipid bilayer (3, 23) , and others contribute to cell wall biosynthesis (20) , as receptors for extracellular signaling (1, 5) or as targets for microbial attack (12) . Proteins that reflect stages of cellular differentiation are of particular interest because these molecules not only may contribute to stage-specific functions of the cell but also may serve to mark specific patterns of gene regulation during development. In animal systems, the expression of these differentiation molecules can also contribute to the direct interactions between cells; these sorts ofinteractions are unlikely, because ofthe isolation of individual cells behind Animals were fed and given water ad libitum and were maintained on a 12-h/I 2-h day/night cycle.
Antigen Preparation
Crude tissue fractions used for immunization of the mice were prepared as described previously (15) Purified OR plasma membrane was prepared according to methods used in previous work (11, 14, 25) and was the generous gift ofG. Cote and R. Crain. Briefly, the microsomal fraction was isolated and then purified on three sequential aqueous two-phase partitioning gradients at 1000g. The purified plasma membrane fraction contained in the upper phase was pelleted at 100,000g for 60 min, resuspended in 1 mM EDTA, 2 mm DTT, 1 mM PMSF, and 1 ,ug/mL leupeptin, and frozen at -80°C. For ELISA analysis, the membrane preparations were solubilized with 1% Triton X-100.
Protein Determinations
Protein determinations of the tissue extracts were done to allow equivalent amounts of total protein to be placed into wells. Determinations were made using bicinchoninic acid (BCA assay, Pierce Chemical Co., Rockville, IL was collected weekly. Normal sera were collected from strainand sex-matched controls housed in the same colony.
Monoclonal Antibodies
Sera from BALB/c mice immunized as described in the preceding section were tested for antibodies against the OR homogenate by ELISA. After detectable antibody activity was found, the animals were boosted once more and then killed 3 d later. Single-cell suspensions of the spleens of these animals were made; the spleen cells were washed and then mixed with P3X63 Ag8.653 (X63) nonsecreting, nonsynthesizing BALB/ c myeloma cells (22) . Cell fusion was performed with 50% PEG 1000 (Sigma, St. Louis, MO) in serum-free medium. The cell/PEG mixture was incubated at 37°C for 1 to 1.5 min, washed with RPMI 1640 medium (GIBCO, Grand Island, NY), and resuspended in RPMI 1640 medium supplemented with 20% fetal bovine serum, gentamycin, amino acid supplement, and hypoxanthine, aminopterin, and thymidine medium (21) . The cell suspension was distributed into wells of a 96-well microplate to which 100 AL of C3H/HeJ peritoneal wash cells (5 x 104/mL) had already been added.
The plates were incubated at 37'C, in 5% C02, 95% humidity, and monitored by both gross and microscopic evaluation. One-half of the hypoxanthine, aminopterin, and thymidine medium was replaced every 3 to 4 d. After macroscopic clones were visible, the supernatants were tested for reactivity against the OR homogenate in the ELISA. The F8IVE9 clone described here was isolated by two cycles of limiting dilution from an original single well. HO-13-4 is a mouse (IgM2K) antibody with specific reactivity for the mouse Thy-1.2 alloantigen ( 16) of 9.7% diethanolamine, 0.02% NaN3, and 0.01% MgCl2. 6H2O, pH 9.8) was added. After incubation at 37°C, the amount ofproduct formed was measured in a Tmax microplate reader at 405 nm.
Antibody isotyping was done with a monoclonal antibodybased ELISA isotyping system for murine immunoglobulins (Immunoselect) obtained from GIBCO.
Protoplast Production
Oat protoplasts were made according to procedures described previously (15) .
Immunoaffinity Chromatography
The F8IVE9 monoclonal antibody was first purified from long-term spinner flask culture by binding to goat anti-mouse IgM-agarose (Sigma), followed by elution with 0.2 M glycine HCI, pH 2.8. The pH of the single eluted peak was adjusted to 7, and then the protein was dialyzed against distilled water and lyophilized. The IgM subsequently was linked to CNBractivated Sepharose (Pharmacia, Piscataway, NJ) and used to purify the target antigen from homogenates of oat tissue. The single peak eluted (with 0.2M glycine HCI, pH 2.8) from the F8IVE9-Sepharose column was adjusted to pH 7, dialyzed against distilled water, lyophilized, and resuspended to approximately 0.5 mg/mL for SDS-PAGE analysis and for analysis by ELISA. SDS-PAGE was done using the PHast electrophoresis system (Pharmacia, Piscataway, NJ).
Deglycosylation
Treatment of antigen to remove carbohydrate moieties was accomplished two different ways. Antigenic preparations were exposed to mild periodate oxidation at pH 4.5, after which they were spotted to nitrocellulose membranes (26) . Alterna After immune complexes were removed by centrifugation, the residual antibody was determined by binding to OR homogenate in ELISA. Results are expressed as the dilution at which 50% of the maximum activity was observed (residual titer). Results are expressed as the average of triplicate wells ± SD. resulted in greatly increased background labeling; hence, the results reported here are with sections that were free floating in the wells. Following further washing of the tissues, the gold bound to the tissue was amplified by subsequent incubation with a silver-enhancing reagent (Ted Pella Inc.).
RESULTS
Reactivity of C3H/HeJ and BALB/cJ Anti-Oat Root Homogenate Antiserum C3H/HeJ mice immunized with OR homogenate (C3H/ HeJ anti-OR) rapidly developed reactivity against components of the antigen preparation as measured by ELISA. The general reactivity of this serum was described previously (15) . Western immunoblot analysis of this antiserum showed that a number of plant proteins were bound by antibodies present in this antiserum (data not shown). Competition ELISAs were done with tissue homogenates prepared from several different plants ( Fig. 1) 
Reactivity against Tissue Homogenates from Different Species
The initial interest was to determine whether the F8IVE9 antibody was selective in its binding to oat tissues. To examine this question, similar solubilized homogenates of tissues from other species were prepared, and the binding of the antibody (at 1:1000 dilution of ascites fluid) to each of these preparations was tested in a direct ELISA. The results of these assays are depicted in Figure 2 .
Homogenates from OR tissue were bound approximately twice as well by the F8IVE9 antibody as was homogenate Figure 2 . F81VE9 monoclonal antibody reactivity against homogenates prepared from different plant tissues. Each antigen preparation was adjusted to 1 mg/mL of protein before testing.
Homogenate protein (100 Mg) was used to coat individual wells, which were then tested for specific binding by F81VE9 (striped bars) or binding by HO-13-4 (solid bars). Results are expressed as the average of triplicate wells ± SD. (Fig. 3a) . iodate (and to avoid the potential damage that periodate might introduce into the amino acid structure ofthe protein), recombinant N-glycanase was also used to remove carbohydrate moieties. This enzyme catalyzes the hydrolysis ofoligosaccharides linked to asparagine residues of the protein. Recombinant N-glycanase was used to ensure the absence of contaminating proteases. Results of these treatments were similar to those obtained with periodate treatment: removal of the carbohydrate moieties eliminated the target epitope for F8IVE9 binding (Fig. 3b) .
Temporal and Tissue Control of Antigenic Expression
Comparisons ofthe amount ofantigen present in individual preparations of the tissue homogenate suggested that the antigen might be differentially regulated in its temporal expression. To address this question, homogenates from oats that were planted on sequential days and grown under identical conditions were prepared: all were harvested on the same day to minimize the variations in antigenic preparation. There was no discernible pattern of variation in the total protein isolated from plants harvested at each day postgermination. The amount of antigen in each preparation was determined by direct antibody binding in an ELISA assay after adjusting the protein concentration to 1 mg/mL. Results of this experiment are shown in Figure 4 . Approximately equal amounts of the F8IVE9 target antigen were isolated from each of the tissues at times soon after germination, but as the tissues mature, levels of target antigen expression diverge significantly. By Figure 5 . S. saman pulvinar protoplasts (from both the extensor and flexor regions) also were bound by the F8IVE9 antibody, demonstrating that target antigen was present on the plasma membranes of cells from a species other than A. sativa (Samanea protoplasts were generously provided by Hak Yong Kim and were prepared according to a modification ofthe method ofGorton and Satter [7] ).
The presence of this antigenic determinant in OR plasma membrane purified in an aqueous dextran-PEG two-phase system was also examined. This material has been found to be >95% plasma membrane (R. Crain, personal communication). In direct ELISA analysis, the monoclonal antibody bound to this purified plasma membrane protein approximately twice as well as it bound to the unpurified root tissue homogenate (Fig. 6) .
Finally, to characterize the patterns of antigenic expression within tissues of the oat, thin sections ofthe plant tissues were treated with F8IVE9 antibody, followed by goat anti-mouse IgM-gold and silver-enhancing reagent (Fig. 7) . Control sections of root treated with HO-13-4 antibody followed by goat anti-mouse IgM-gold and silver-enhancing reagent were essentially devoid of labeling. The dark ring of granules associated with the vasculature in these sections does not appear to be membrane associated and may simply represent nonspecific washing and development with silver-enhancing reagent, the sections were observed in bright-field illumination and photographed.
